water through oceanic gateways. Here, we focus on the less well-studied "Cold Water Route" 18 through the Drake Passage. We present millennially-resolved bottom current flow speed and sea 19 surface temperature records downstream of the Drake Passage spanning the last 25,000 years. We 20 find that prior to 15 ka, bottom current flow speeds at sites in the Drake Passage region were 21 dissimilar and there was a marked anti-phasing between sea surface temperatures at sites upstream 22 and downstream of the Drake Passage. After 14 ka, we observe a remarkable convergence of flow 23 speeds coupled with a sea surface temperature phase change at sites upstream and downstream of 24 Drake Passage. We interpret this convergence as evidence for a significant southward shift of the 25 sub-Antarctic Front from a position north of Drake Passage. This southward shift increased the 26 through-flow of water from the Pacific, likely reducing the density of Atlantic Intermediate Water. 27
The top 50cm of GC528 (Holocene sediments) consist of foraminifera ooze containing >10% CaCO 3 75 and alkenone concentrations of >1 μg/g. The rest of the sequence is mainly composed of silt-bearing 76 clay with occasional dropstones present (particularly towards the LGM). Weight percent carbonate is 77 ~1% and the alkenone concentration is 0.5-1 μg/g. 78
The age model for core GC528 is based on reservoir-age corrected AMS 14 C dates on monospecific 79 benthic foraminifera and has been described in full in Roberts et al. (2016) . The sedimentation rate 80 varies from 7 cm/kyr in the Holocene to 50 cm/kyr during the glacial. 
Ice-rafted Debris 91
Counts of terrigenous grains >300 µm (used as a proxy for coarse IRD) were made every 1cm in order 92 to determine potential changes in the source of sediment and the effect on . Ice-rafted debris 93 comprises all grain sizes but we use counts of grains >300 µm as a proxy for IRD because grains in 94 this fraction are unlikely to be transported by other processes. 95
No obvious gravitational down-slope deposits were observed in the core, suggesting no influence 96 from downslope transport that could have otherwise emplaced sediment unmodified by current 97 transport at the site. Shards of Southern Andean volcanic ash or tephra have the potential to be 98 transported significant distances by the south-westerly winds (SWWs), therefore grains of tephra 99
were not counted. 100
Alkenone-derived Sea Surface Temperatures 101
Sea surface temperatures were calculated from the U K 37 index (Prahl et al., 1988 ) from alkenone 102 analysis of core GC528 with an average sample resolution of 250 years. Lipids were extracted from 103 ~3 g of homogenised, freeze-dried sediment using a CEM microwave system with 12 mL of 104 Several processes act on glacial-interglacial timescales that could affect the sedimentation at GC528, 160 such as changes in flow strength, sea level and ice-rafting, which we discuss here. 161
Reconstruction of the LGM Patagonian coastline (based on modern bathymetry) places it 200 km 162 closer to GC528 than it is today ( Figure S1 ), potentially increasing sediment supply. This could impact 163 on the reliability of as a bottom current flow speed proxy if the rate of direct sediment 164 introduction was faster than the current could rework. The sediment mass accumulation rate at 165 GC528 was higher during the LGM than the Holocene ( Figure S1b ), likely reflecting a closer sediment 166 source during glacial times as a result of the sea level lowstand. However, it is interesting to note 167 that the mass accumulation rate at GC528 does not decrease linearly with increasing sea level across 168 the deglaciation, suggesting that any relationship between sea level and sediment supply to GC528 is 169 not straightforward. Increased rates of sea level rise at 20-19 ka and 14.5-13 ka coincide withelevated accumulation rates at GC528 ( LGM temperature signals are robust. In the following, we evaluate factors that may result in the 223 elevated LGM alkenone-derived SSTs. Preferential degradation of components with a greater degree of unsaturation may bias the 234 alkenone-SST record towards warmer values (Flügge, 1997). We consider the percentage of the cold 235 tetra-unsaturated C 37:4 alkenone that would need to be removed in order to produce LGM SSTs as 236 low as during the late deglaciation period (2.2 o C at 11.9 ka). We find that to account for a diagenetic 237 bias of 6 o C, at least 70% of the 'original' C 37:4 would have to be removed from the samples. Such a 238 significant amount of alteration has not been observed experimentally or within sediments studied 239 deep western boundary current. However core-top alkenone-SST data from site GC528 (7.7 o C) 245 shows good correlation with modern SSTs suggesting that advection does not strongly bias the 246 alkenone-SST signal at this site. 247
Reworking of alkenones from older warm intervals (such as the Eemian) could overprint the original 248 alkenone-SST and bias the alkenone signal to warmer temperatures. However, we do not believe 249 this to be a significant issue at site GC528 because (i) neither the TOC or the alkenone 250 concentrations during the two "warm" intervals during the LGM are significantly higher than the 251
LGM average [ Figure S3b The fact that sites GC528 and MR806-PC9 presently lie within the core of the main SAF jet [ Figure  304 1b] and have similar bottom current flow speeds over 14-0 ka [ Figure 3b ] suggests a common 305 response to changes in the intensity of the SAF jet. Both records suggest strengthening of the SAF jet 306 through the Drake Passage over the late deglaciation and Holocene (which we discuss in Section 307 4.2). In contrast, the disparity in bottom current flow speeds prior to 14 ka -with faster flow speeds 308 in Drake Passage relative to the downstream site -could be the product of one of two different 309 scenarios; (i) a lower glacial sea level meant that the SAF did not cross the topographic high of the 310 North Scotia Ridge and thus site GC528 was 'shielded' from the influence of the SAF, or (ii) the 311 Southern Ocean frontal system shifted northwards relative to its current position such that the SAF 312 did not extend through Drake Passage but instead was truncated by South America, analogous to 313 the present Sub-Tropical Front. The faster flow speed at MR806-PC9 may then be the result of 314 proximity to a more northerly position of the Polar Front. 315
In order to test Scenario 1 (a lower sea level shielded GC528 from the SAF), we modelled the effect 316 of a lower sea level on bottom current flow speeds. The model predicts an overall increase in 317 bottom current flow within the Drake Passage [ Figure 4 ]. This increase is because the ACC is anequivalent barotropic jet and therefore, bottom current velocities are inversely proportional to the 319 depth of the fluid. In contrast to the general strengthening within the Drake Passage, the model 320 predicts a decrease in bottom current flow speeds of 10-15 cms -1 at site MR806-PC9 [ Figure 4 ]. This 321 is driven by the development of a frictional recirculation cell that occupies the space between the 322 continent and the intensified offshore flow, and is highly dependent on the model configuration, and 323 is therefore not a robust prediction. At site GC528, the model predicts an increase of 6 cm s -1 in 324 northward advection of bottom water during sea level lowstands [ Figure 4 ]. This predicted increase 325 in transport at GC528 is driven by a reduction in on-shelf transport, resulting in an increase in 326 transport along the shelf-break. Because the Patagonian shelf is so expansive, a reduction in sea 327 level results in a large reduction in on-shelf transport (and subsequent increase in shelf-break 328 transport) relative to the minor reduction in the transport across the North Scotia Ridge. Therefore a 329 relative strengthening of bottom currents is predicted at GC528. The model predictions are 330 inconsistent with our reconstructions across the 15-14 ka transition, which suggest a significantly 331 weaker bottom current before 15 ka at site GC528 and a stronger bottom water flow at MR806-PC9. 332
Whilst we emphasise the uncertainty in the model prediction at MR806-PC9, we are confident in the 333 model result at GC528. The discrepancy between the model prediction and the reconstructions 334 implies that sea level change is not the driver of the change in bottom current flow speeds observed 335 in the records at GC528 (and possibly also MR806-PC9). Instead, oceanographic changes other than 336 eustatic sea level change must have controlled the observed bottom current speed changes. 337
An alternative hypothesis invokes a change in the position of the oceanic fronts. The cause of such a large increase in the strength of the SAF jet is difficult to determine. The density 390 difference either side of a front results in a strong pressure gradient, which is balanced by the 391
Coriolis force producing a strong eastward jet. At a basic level, a stronger density gradient across a 392 front will strengthen the associated jet (Thompson, 2008) . The SAF is the location where cold-fresh 393 dense Antarctic-derived water subducts beneath less dense water to the north to form Antarctic 394
Intermediate Water (Hartin et al., 2011) . The increase in the strength of the jet associated with the 395 SAF may thus be the result of an increase in the density contrast between sub-Antarctic Surface 396
Water north of the SAF and Antarctic surface waters south of the SAF. 397
Proxy data of SSTs from north and south of the SAF do not provide strong support for the idea of an 398 increased north-south temperature-driven surface density gradient during the Holocene. Sea surface 399 temperature records of Antarctic surface water across the Holocene in the South Atlantic ( Figure 7D ; 400 Nielsen et al., 2004) suggest an early Holocene warming followed by a cooler interval between 7-4 401 ka, and a relative warming from 4 ka to the present. In contrast, SST records north of the SAF from 402 the Chilean margin suggest an initial warming in the Early Holocene followed by a general cooling 403 trend ( Figure 7C ; Kaiser et al., 2005) . Over the course of the Holocene, there is significant fluctuation 404 in the north-south SST gradient; however, the long-term Holocene trend suggests a general decrease 405 in the SST gradient [ Figure 7E ]. Based on this evidence, we cannot attribute the increase in the 406 intensity of the SAF jet to an increase in a density gradient driven by temperature across the front. 407
Note that the sites that we have used to reconstruct the SST gradient in Figure 7 are not proximal to 408 the SAF and so may not accurately reflect SST gradients in the vicinity of the SAF. Alternatively, there 409 remains the possibility of salinity-driven changes related to ice-melt, but we have no data to 410 examine this aspect, nor (to our knowledge) are there any proxy data reconstructions of salinity 411 across the SAF. However, it should be noted that the melt-related salinity gradients in the Southern 412
Ocean were probably at a maximum during the deglaciation (18-12 ka) when the majority of ice was 413 lost from Antarctica and Patagonia, and not during the Holocene. 414 Finally, based on current understanding of the ACC, we observe that it is difficult to determine how 415 G.oceanica C 37 :C 38 ratio based on culture studies (Volkman et al., 1995) . In each record, the 2σ 660 analytical precision is shown by the error bars, and a 1500 yr moving average and 1σ moving 661 standard deviation of each record is shown by the solid line and dashed lines respectively. 662 663 
